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M A N U S C R I P T
Questionnaire (Q-LES-Q), and Positive and Negative Syndrome Scale were also included. In the schizophrenia sample, the SF-6D was found to have higher test-retest validity, convergent validity with SQLS domain scores, known-group validity and magnitude of change in scores over 6-month follow up than other measures. In the depression sample, the HUI3 was found to have higher test-retest reliability, convergent validity with Q-LES-Q, known group validity and magnitude of change in scores than other measures. Results suggest that the SF-6D and HUI3 to be more suitable as a utility measure for patients with schizophrenia and depression in an Asian patient population.
Introduction
The EuroQol Five-Dimension (EQ-5D) (EuroQol Group, 1990) , the Short-Form SixDimension (SF-6D) (Brazier et al., 2002) and the Health Utilities Index Mark 3 (HUI3) (Feeny et al., 1995) are the three most widely used generic preference-based instruments to assess patients' health-related quality of life in clinical studies as well as to calculate qualityadjusted life years (QALYs) for cost-utility analyses (CUA) in economic evaluation of mental health treatments and programmes. With the significant increase in the use of these instruments in the economic evaluation of mental health interventions, there is growing interest to conduct a direct comparison of the psychometric performance of these instruments in psychiatric patients.
An earlier review on validity of the EQ-5D and SF-6D among patients with schizophrenia concluded that both instruments had good construct and known-group validity.
However, the evidence for convergent validity and ability of the instruments to detect change over time as assessed by the magnitude of change in scores was mixed (Papaioannou et al., 2011) . A review by Peasgood et al. (2012) found that both the EQ-5D and SF-6D demonstrated good construct validity and magnitude of change in scores in patients with ACCEPTED MANUSCRIPT
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depression but demonstrated poor construct validity in patients with anxiety disorders (Peasgood et al., 2012) . For people with psychosis, studies have reported that the evidence of validity of the EQ-5D was mixed (Brazier, 2010) . A recent review by Brazier et al. (2014) concluded that the EQ-5D and SF-6D instruments appear to perform acceptably well in depression and personality disorder, but less so in anxiety, schizophrenia and bipolar disorder (Brazier et al., 2014) . As a follow-up to these reviews, Mulhern et al. (2014) and Brazier et al. (2014) have further investigated the psychometric performance of the EQ-5D and SF-6D using seven existing datasets including people with depression, anxiety, mixed diagnosis of common disorders, personality disorders and schizophrenia and concluded that the EQ-5D
and SF-6D were valid in samples with mild to moderate depression and anxiety. For schizophrenia, the findings were less clear, with small magnitude of change in scores in the two measures in comparison with the condition-specific measures (Brazier et al., 2014; Mulhern et al., 2014) . The inconsistency of these findings in mental health population suggests that further work is required to establish the validity of these instruments in mental health populations locally.
Singapore is an island nation with a total population of 5.61 million. The Chinese (74.3 %) form the majority of the population, followed by Malays (13.4 %), Indians (9.0 %) and those from other ethnic groups (3.2 %). In Singapore, the EQ-5D 3 levels (EQ-5D-3L), SF-6D and HUI3 have been validated individually and mainly in the general population (Thumboo et al., 2002; Wee et al., 2004; Luo et al., 2007; Thumboo et al., 2013 ) and among those with chronic physical conditions (Luo et al., 2003; Xie et al., 2007; Gao et al., 2009; Leung et al., 2013) . However, there is limited evidence of a direct comparison of the reliability, validity and magnitude of change in scores of these measures among local patients with mental illnesses. The HUI3 has been validated in patient with schizophrenia (Luo et al., 2006) . The ability of the EQ-5D-3L to detect improvement among patients who met criteria for remission over 1-year follow-up was reported in patients with first-episode psychosis (Subramaniam et al., 2014) . However, there is limited evidence on the validity and responsiveness of the HUI3 and both EQ-5D-3L and 5 levels (EQ-5D-5L)
in patient with depression and SF-6D in patients with schizophrenia. There are also other gaps in our knowledge about the psychometric performance of the utility scores derived from these instruments locally among patients with mental illnesses. First, although there were some differences between the psychometric performance of EQ-5D-3L, SF-6D and HUI3
reported previously, this evidence was limited and the studies mainly carried out in Western population using different samples (Brazier et al., 2014; Mulhern et al., 2014) . It is not clear how comparable these measures are as compared to disease specific preference measures in such patients or whether one instrument has better psychometric properties than the other as head-to-head comparisons between these measures are lacking (Finch et al., 2018) . Second, the magnitude of change in scores in these measures over time was not compared directly using same sample and investigated thoroughly in the local context. Hence, the validation of these measures is vital. The current study aimed to compare the test-retest reliability, convergent validity, known-group validity and magnitude of change in scores of the four utility measures (EQ-5D-5L, EQ-5D-3L, HUI3 and SF-6D) in patients with depression and patients with schizophrenia in Singapore.
Methods
A cross-sectional study was conducted on a convenient sample at the Institute of Mental Health (IMH) in Singapore. IMH is the national tertiary psychiatric care provider which serves a large number of patients with diverse mental disorders. Thus, its patient population lends itself well to the validation of these instruments. Participants were patients recruited from outpatient clinics at the IMH, Singapore citizens or permanent residents, aged 21 years and above, literate in English and having a clinical diagnosis of either major depressive disorder or schizophrenia spectrum disorders. Written informed consent was obtained from all study participants. All participants were asked to complete a set of self-administered questionnaires that were designed to collect their sociodemographic, disease-specific and generic-preference QOL information. The severity of schizophrenia symptoms was assessed by a trained interviewer using the Positive and Negative Syndrome Scale (PANSS). Data on socio-demographic background, four utility measures, Schizophrenia Quality of Life Scale and Satisfaction Questionnaire (Q-LES-Q), and Positive and Negative Syndrome Scale (PANSS) were collected from 500 participants (depression (n=249) and schizophrenia (n=251)) at the baseline assessment. Data for four utility measures were also collected from 60 participants (30 from each diagnostic group) at 2 weeks follow-up for test-retest reliability and 180 participants (90 from each diagnostic group) at 6 months follow-up for magnitude of change analyses. We used the mean of EQ-5D utility scores at baseline (0.799) and one year follow-up (0.891) in patients with first episode psychosis to estimate sample size for magnitude of change analyses (Subramaniam et al., 2014 ). The power and significance level was set at 0.9 and 0.05, respectively. We found that we need at least a sample size of 120 to be able to reject the null hypothesis that the magnitude of change in EQ-5D scores is small over the 6 months follow-up. After considering approximately 50% attrition rate, a sample size of 180 was required for the study. In terms of test-retest reliability analysis, we estimated that a sample size of 39 subjects was required to determine the intra-class correlation coefficient of 0.67 for SF-36 (Koh et al., 2006 ) with a power of 0.8 at a significance level of 0.05. After considering 50% attrition rates, a sample size of 60 was determined for test retest analysis.
Instruments

Socio-demographic variables
These included information on participants' age, gender, education, ethnicity, marital and employment status, housing type, and psychiatric diagnosis.
EQ-5D
The EQ-5D is a generic instrument for subjectively describing and valuing HRQoL that has been developed by the EuroQol Group (1990) and comprises of two versions. The EQ-5D-3L comprised five questions on mobility, self-care, pain, usual activities, and psychological status with three possible answers for each item (1=no problem, 2=moderate problem, 3=severe problem) whilst the EQ-5D-5L has five possible answers for each item (1=no problem, 2=slight problems, 3=moderate problems, 4=severe problems, 5=extreme
The utility scores of EQ-5D-3L and EQ-5D-5L were calculated using the scoring algorithms developed from the Singapore (Luo et al., 2014) and UK general populations (van Hout et al., 2012) .
SF-6D
The SF-6D, derived from 11 items of the SF-36, is a multidimensional health classification system assessing the 6 health domains of physical functioning, role limitation, social functioning, pain, mental health, and vitality, with 4-6 levels for each domain. An SF-6D health state is defined by selecting 1 level from each domain, which results in a total of 18,000 health states. The SF-6D scoring algorithm was developed using the standard gamble (SG) method from a sample of 249 SF-6D health states from a representative sample of the UK population (Brazier et al., 2002) . Utility scores generated by the SF-6D range from 0.29 to 1, with 1 representing full health and 0.29 representing the worst possible health state defined by the SF-6D (i.e., all domains being at the worst level). The utility scores derived from English and Chinese versions of the SF-6D have been demonstrated to be equivalent in Singapore (Wee et al., 2004) .
HUI3
The HUI3 (Feeny et al., 1995) is a generic comprehensive health status classification and HRQoL utility scoring system, using a utility scoring function derived from a representative sample of the Canadian general population based on the SG and visual analog scale methods (Horsman et al., 2003) . The utility score for HUI3 range from -0.36 to 1. The HUI3 classification system has 8 domains: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain, with 5 to 6 levels per attribute derived from 15-multiple choice questions. The utility scores derived from Chinese and Malay versions of the HUI3 have been demonstrated to be equivalent in Singapore .
SQLS
The SQLS is a disease-specific instrument (Wilkinson et al., 2000) , designed to assess the impact of schizophrenia and treatment regime on the daily life of patients. The SQLS has three sub scores (Psychosocial, Motivation and energy and Symptoms and side-effects). Each
sub score is transformed to a scaled score of 0 (the best quality of life status) to 100 (the worst quality of life status) (Wilkinson et al., 2000) . The SQLS has been validated in Singaporean patients with schizophrenia (Luo et al., 2008) .
PHQ-8
The PHQ-8 is a self-administered depression scale where participants indicate how often they have been bothered by each of the items (symptom), in the past two weeks using a 4-point scale, where 0=not at all and 3= nearly every day. Total scores range from 0 to 24, where scores of 10 and above indicate current depression (Kroenke et al., 2009 ). In the current study, patients with depression were divided into two subgroups at baseline using PHQ-8 cutoff points (where a score of ≥ 10 indicates clinical depression) (Kroenke et al., 2009 ).
Q-LES-Q
The Q-LES-Q is a disease-specific measure for assessing the impact that depression has on a patient's quality of life (Tuynman-Qua et al., 1997) . The Q-LES-Q is a 16-item scale that assesses enjoyment and satisfaction across various life domains such as physical health, social relationships, and economic status over the past week. Each item is rated on a scale of 1 to 5 (''not at all or never'' to ''frequently or all the time''). The scoring of the Q-LES-Q involves summing the 14 items, with higher scores indicating a higher subjective QoL. The reliability of the scale was excellent in local sample (Ong et al., 2016) .
PANSS
The PANSS (Kay et al., 1987 ) is a 30-item instrument designed to measure the severity of symptoms among those with schizophrenia spectrum disorders. The symptoms severity was assessed by a trained interviewer following a semi-structured interview with the participant.
Each symptom is rated on a seven points scale represent increasing levels of psychopathology (1=absent to 7=extreme) with total scores ranging from 30 to 210. The construct validity of this scale has been validated in Singapore (Jiang et al., 2013 ). In the current study, patients with schizophrenia were divided into two subgroups at baseline using PANSS total cut-off scores -those who had PANSS total score ≤ 75 and PANSS total score ≥ 76 to denote moderately severe symptoms (Furukawa et al., 2015) .
Statistical analyses
Ceiling and floor effects were calculated as the percentage of participants who achieved the maximum and minimum scores of each utility score. We adopted the standard approach for assessing the psychometric properties of the measures. This includes test-retest reliability, convergent validity, known-group validity and evaluation of magnitude of change in scores over the 6-month follow-up. Test-retest reliability was used to examine whether the utility scores would yield reproducible results if used repeatedly on stable patients within a twoweek period of time. Test-retest reliability was assessed using intraclass correlation coefficient (ICC) based on a two-way mixed model with absolute agreement. ICC was interpreted using following criteria (Koo et al., 2016) : > 0.9, excellent reliability, 0.75 to 0.9, good, 0.5 to 0.75, moderate, and < 0.5, poor reliability. Validity of the utility scores was assessed using two validity tests including convergent validity and known-group validity. The convergence between the scores from three generic preference-based measures (EQ-5D, SF-6D and HUI3) and two disease specific preference measures (SQLS for schizophrenia and Q-LES-Q for depression) were examined using Spearman's correlation coefficients due to the skewed distribution of the data. We used the following categories for evidence of convergent validity: >0.6, very strong; >0.5 to <0.6, strong; <0.5 to > 0.3, moderate; and <0.3, weak (Papaioannou et al., 2011) . Locally weighted smoothing curve (LOWESS) fit lines were used to indicate nonlinear trends in the scatter plots (Cleveland, 1979) . Known-group validity was used to assess whether the four utility scores were able to discriminate between those people with mild and severe conditions schizophrenia and depression. Clinical importance of any difference was quantified using the effect size (ES) calculated as the differences in mean scores between groups divided by the standard deviation of the baseline scores.
Magnitude of change in scores was defined as the extent to which an instrument was able to detect a clinically or practically important change in quality of life status (Walters, 2009 ).
Magnitude of change in scores was quantified using mean change scores and standardized response mean (SRM) (the mean change in scores between baseline and 6 months follow-up divided by the standard deviation of the change in the utility scores) (Brazier et al., 2014) .
Effect sizes of 0.2 were defined using Cohen's criteria as small, 0.5 as moderate, and 0.8 as large. Correlation between changes in the four utility scores and changes in the Mental Component Summary (MCS) score and the Physical Component Summary (PCS) of the SF-36 questionnaire (Farivar et al., 2007) was assessed using Spearman's correlation coefficients.
Clinical important difference (CID) defined as the smallest difference in score that patients perceive as important, either beneficial or harmful, and which lead the clinician to consider a change in the patient's management (Guyatt et al., 2002) (Fiest et al., 2014) and subsequently compared the mean change in the four utility scores over 6 months follow-up. According to previous studies, empirical distribution based estimates of CID for utility scores can range between 0.01 and 0.08 with 0.03 being well represented in estimates for the generic preference-based measures (Feeny et al., 2012; Dickerson et al., 2018) . Following previous work, the mean difference in utility scores between baseline and 6 months follow-up of 0.03 or more was considered to have achieved CID. All statistically significant differences were evaluated at the 0.05 level using 2-sided tests.
Results
Descriptive statistics
The demographic characteristics of the participants are presented in Table 1 . The sample included 500 participants with depression (n=249) and schizophrenia (n=251). The proportion of depression among patients with schizophrenia was 3.6%. The mean age of overall sample was 38.1 years (SD=10.8), 64.4% were Chinese, 16.8% were Malays, 16.6%
were Indians, and 2.2% belonged to other ethnicities (Table 1 ). The mean EQ-5D-5L, EQ-5D-3L, HUI3 and SF-6D utility scores were 0.76, 0.69, 0.55 and 0.65, respectively (Table 2 ).
An inspection of the distribution of the scores revealed that the EQ-5D-3L, EQ-5D-5L and ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T HUI3 scores, in general, showed a skewed distribution whereas the SF-6D scores were approximately normally distributed (Figure 1) . The mean HUI3 utility scores were lowest in both schizophrenia (Mean=0.65) and depression (Mean=0.46) samples. The median SF-6D utility scores were lowest (Median=0.66) in the schizophrenia sample whereas the median HUI3 utility scores were lowest (Median=0.48) in the depression sample (Table 2) .
Test-retest reliability
The test-retest reliability coefficients for all utility scores ranged from poor (ICC = 0.35) to excellent reliability (ICC = 0.92) ( Table 2 ). In the schizophrenia sample, the highest testretest reliability was observed in SF-6D with excellent reliability while the highest test retest reliability in depression was observed in HUI3 with good reliability. Table 3 showed the convergent validity of the four utility scores in schizophrenia and depression samples. In the schizophrenia sample, the correlation coefficients between the four utility scores and SQLS's subdomain scores ranged from moderate (0.45) to very strong (0.68) convergence. The SF-6D utility scores had the highest correlation coefficient value (SF-6D with SQLS Psychosocial = 0.68) than other utility scores. In the depression sample, the correlation coefficient values between the utility scores and Q-LES-Q total scores ranged within very strong (0.65 to 0.79) level of convergence. The HUI3 utility scores had the highest correlation coefficient value as compared to the other utility scores. Overall, the LOWESS fitting lines indicated that the relationships between four utility scores and two disease specific preference measures were different across their severity scale. For example, Figure 2 shows that the relationship between the SF-6D and Q-LES-Q is more consistent across the severity scale, with a linear relationship between the scores. However, a score of 1 on the EQ-5D-3L is associated with a wide range of Q-LES-Q scores, meaning that EQ-5D-3L displays a slightly larger ceiling effect than EQ-5D-5L.
Convergent validity
Known-group validity
In the schizophrenia sample, those with a mild condition (PANSS total score ≤ 75) were found to have higher utility scores than those with a moderate condition (PANSS total score ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T ≥ 76). The effect size of mean differences between the two groups according to Cohen's criteria ranged from moderate (1.24) to large (1.54). SF-6D utility scores had the highest effect size value as compared to the other utility scores. In the depression sample, those with a mild condition (PHQ-8 total score ≤ 9) were found to have higher utility scores than those with a more severe condition (PHQ total score ≥ 10). The HUI3 had the highest effect size value than other utility scores according to Cohen's criteria (Table 4) .
Magnitude of change in scores
The mean change for the four utility scores from baseline to 6 months follow-up in schizophrenia sample is presented in Table 5 . In the schizophrenia sample, except for HUI3, all utility scores tended to have higher mean scores after 6 months follow-up with a small effect size. The SF-6D seems to have slightly higher SRM than other utility scores. However, none of the mean difference showed clinically meaningful improvement. In the depression sample, similarly all utility scores tended to have higher mean scores after 6 months followup with a small effect size according to Cohen's criteria. The EQ-5D-5L seems to have slightly higher SRM than other utility scores. All utility scores achieved clinically meaningful improvements in the overall sample. The mean change in the HUI3 utility scores had the highest CID (Mean Difference=0.09) as compared to the other utility scores. Further subgroup analysis indicates that the HUI3 seems to have higher SRM among patients with severe depression than other utility scores. Table 6 summarizes correlation and magnitude of change in the EQ-5D-5L, EQ-5D-3L, HUI3, SF-6D utility scores and in the MCS and PCS scores. Spearman correlation coefficients of changes scores were strong between MCS and SF-6D in the schizophrenia sample and between MCS and SF-6D and HUI3 in the depression sample. The SF-6D had the highest mean change scores among schizophrenia patients while the HUI3 had the highest mean change scores among depression patients who have achieved improvement in the MCS.
Discussions
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This is one of few studies that has conducted a direct comparison of the reliability, validity, and magnitude of change in the four utility scores in patients with schizophrenia and patients with depression in a multiethnic Asian population.
The findings provide evidence that the SF-6D performs better as compared to other utility measures in terms of test-retest reliability, convergent validity, known-group validity and magnitude of change in scores over the 6-month follow-up in the schizophrenia sample.
The analysis confirmed that the SF-6D test-retest reliability was high (ICC= 0.92), implying its ability to produce reproducible results from patients if the instrument is used repeatedly within a short period of time. This finding appears to be consistent with a previous study, which also reported that the test-retest reliability for the SF-6D demonstrated a higher ICC rate (0.82) among patients with systematic sclerosis (Khanna et al., 2007) .
In terms of validity, the SF-6D was significantly and negatively correlated with the SQLS domain scores indicating that increases in SF-6D utility scores are associated with decreases in SQLS scores where lower scores indicate a higher subjective QoL. Previous evidence on convergent validity with SQLS is limited. There is one study that has explored the correlation between the SQLS and SF-36 which suggested that both the measures are addressing related, but not identical areas (Wilkinson et al., 2000) . The results of known group validity support evidence of discriminant ability of the SF-6D utility scores to differentiate people with mild and moderately ill conditions in schizophrenia sample. A previous review paper had showed mixed evidence on the ability of the GPBMs such as EQ-5D and SF-6D to reflect schizophrenia-specific symptoms (Brazier et al., 2014) . They found that the SF-6D scores discriminated people with different severity groups based on Brief Psychiatric Rating Scale Expanded (BPRS-E) cut-off developed by Leucht et al. (2005) better than that the EQ-5D (Brazier et al., 2014) .
Our findings also consistently showed that the SF-6D provides a more sensitive measure than other utility scores to detect change before and after 6 months follow-up.
However, the effect size of change in SF-6D utility scores at 6 months follow-up was small according to Cohen's effect size criteria. In the current study, the mean (SD) PANSS total ACCEPTED MANUSCRIPT
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scores in schizophrenia sample were much lower (47.8(5.4) vs. 75.5(19.1), Mean difference = 27.7) than that reported in first episode psychosis patients within 3-month of entering the treatment programme (Subramaniam et al., 2014) . It is thus possible that the small difference in the utility scores between the initial visit and after 6 months of follow up may be simply due to the fact that the patients were stable patients at the point of recruitment. Furukawa et al. (2015) suggested that the more severe the illness at baseline, the larger would be the benefits of the treatment received by the patients. They found that the effect size for patients who were mildly ill (baseline PANSS scores up to 75), moderately ill (baseline PANSS scores of 76 to 95), and severely ill (greater than 95) at baseline was 0.2, 0.5, and 0.8 at 6
weeks follow up which roughly correspond with small, medium, and large effects, respectively. Our subgroup analyses using Furukawa et al. (2015) cutoff also found that that the effect size between baseline and follow up visit increased with the severity of the illness in schizophrenia sample. For example the effect size of change in SF-6D utility scores at 6 months follow-up for patients who were mildly ill and moderately ill at baseline was 0.10 and 0.62, respectively, and the effect size in moderately ill group was much higher than the effect size in overall sample (0.62 vs. 0.13). However, we would like to highlight that we did not collect sufficient data to enable all the severity groups to be fully assessed in the current study as none of the patients were assessed to be severely ill according to a PANSS cut-off score of greater than 75. We have compared the magnitude of change in the four utility scores between baseline and 6-month follow-up in relation to the changes in the MCS and PCS scores. We found that the SF-6D had the highest magnitude of change in scores among schizophrenia patients who have achieved improvement in the MCS. Hence, further studies are warranted to confirm this finding by performing a direct comparison of magnitude of change in scores among chronic schizophrenia patients.
The findings provide evidence that the HUI3 has good test-retest reliability, convergent validity and known-group validity than other utility measures in depression sample. The analysis confirmed that the HUI3 test-retest reliability was high (ICC= 0.83) .
This finding appears to be consistent with previous studies, which also reported that the test-ACCEPTED MANUSCRIPT
retest reliability for the HUI3 was in the acceptable range, with ICC of 0.70 or higher in patients recovering from hip fracture and patients with rheumatic disease (Luo et al., 2003; Jones et al., 2005) . We found that the HUI3 utility scores had the highest correlation coefficient value with Q-LES-Q total scores (0.79) as compared to the other utility measures.
Our findings are also similar to that of the study by Harnam et al. (2011) (2012) and Espallargues et al. (2005) , which
showed that the HUI3 is more sensitive than that EQ-5D and a visual analogue scale in detecting differences. However, the findings seems to partially support the findings of , who compared the utility scores produced by the EQ-5D, HUI2, and HUI3 in the general population in the United States and found evidence that the EQ-5D, HUI2, and HUI3 utility scores were generally comparable in determining health burden of chronic conditions in the population.
We found mixed evidence for the magnitude of change in the four utility scores in depression sample. Although the EQ-5D-5L utility scores had slightly higher magnitude of change in scores than other utility scores in the overall sample, results from subgroup analysis indicate that the HUI3 was more sensitive in detecting change in the quality of life status among patients with severe depression (PHQ-8 scores ≥ 10) after they underwent 6 months outpatient treatment follow-up than EQ-5D-5L. We found that the effect size of HUI3 at the 6 months follow up for patients who were clinically depressed at baseline was higher than EQ-5D-5L (0.69 vs. 0.54). We also found that the HUI3 seem to have higher magnitude of change in scores among depression patients who have achieved improvement in the MCS.
The HUI3 utility scores achieved clinically significant improvement and had the highest ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T mean difference between baseline and 6-month follow-up as compared to the other utility scores.The current study has adopted the distribution based approach to determine CID. Yet many studies in the literature prefer to use anchor based approach instead of the distribution approach because a statistically significant improvement derived from distribution based approach may not actually be meaningful to the patient. However, it should be noted that the use of CID values based on anchor based approach also has limitations. The CID values can vary due many factors including the characteristics of sample, instrument, calculation method (anchor or ROC), type of anchor and study design (Katz, et al., 2015) . Hence, it is recommended that the best CID values should be used from a similar study and context. To our knowledge, few studies have been conducted to investigate direct comparison of HUI3 against other common utility measures in mental health population. similarly compared EQ-5D-3L, HUI2, HUI3 and SF-6D in a primary care setting in Singapore and found that the SF-6D utility scores were generally higher than the EQ-5D, HUI2, or HUI3, but suggested that despite a wide range of difference in utility estimates the variations have relatively small impact on CUA according to their hypothetical decision trees analysis . Furthermore, the authors mentioned that the findings need to be interpreted with caution as direct comparisons were only based on cross-sectional data in a primary care population and suggested that the impact of differences in change scores on CUA should be investigated in future in longitudinal studies and in other clinical populations.
In the current study we found that slightly higher rates of patients reported perfect health in the EQ-5D-3L than the EQ-5D-5L which suggest that the EQ-5D-3L seems to have a higher ceiling effect than the EQ-5D-5L. This is consistent with previous findings which found the EQ-5D-5L to be a more precise and valid measure than the EQ-5L-3L (Janssen et al., 2018). We found higher rates of patients reported perfect health in the schizophrenia than in the depression samples. These results were consistent with other studies conducted in clinical and general populations (Sagadevan et al., 2018; Goppoldova et al., 2008; PennerGoeke et al., 2015) . Sagadevan et al. (2018) , for instance, have reported that patients with schizophrenia reported the highest quality of life, followed by patients with pathological ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T gambling, anxiety disorders and depressive disorders. Similarly, Penner-Goeke et al. (2015) found that mood disorders were associated with highest decrease in quality of life as compared to psychotic illness. Several factors may explain these findings. Previous studies have suggested that majority of patients with schizophrenia have lack of awareness or poor insight into their illness and this was found to be significantly associated with higher quality of life (Karow & Pajonk, 2006; Lysaker et al., 2018) . It was suggested that poor insight may be associated with more severe symptoms and poorer community function while better insight may lead to depression, demoralization and low levels of quality of life (Lysaker et al., 2018) . However, interpretation of aforementioned findings might not be applicable to our current study due to fact that patients with schizophrenia had predominantly mild to moderate severity symptoms. They were stable outpatients as assessed by psychiatrists at the point of recruitment who were cognitively capable of providing consent and self-administered the questionnaire. The current results showed that the proportion of moderately severe symptoms among schizophrenia patients (5.1%, n=13) was significantly lower than the proportion of clinical depression (60%, n=151) among patients with depression. Hence, it is possible that the rates of patients reported perfect health in the schizophrenia might be much lower as compared to patients with depression if inpatients or patients with more severe conditions were included in the current study. However, given that the present study has limited data to confirm these hypotheses, future studies needed to test these associations in our patient population.
Our study is not without limitations. First, given that we only included patients with schizophrenia and patients with depression, the generalizability of our findings to other mental disorders and more severely ill hospitalized patients with schizophrenia needs further investigation. Second, our classification of the patients into severity levels according to the PHQ-8 and PANSS could be questioned as different cut-offs may produce different effect size in utility scores. Third, the measures were administered only in English. Hence, the performance of the generic-preference based measures among those who were not fluent in English remains unclear. Another limitation of the study is that we were unable to assess ACCEPTED MANUSCRIPT A C C E P T E D M A N U S C R I P T responsiveness of utility scores by groups i.e., among patients who improve, get worse, or remain stable based on severity scales between the baseline and the 6-month follow-up. For instance, Dickerson et al. (2018) used the Children's Depression Rating Scale-Revised to classify patients as improved between the baseline and 12 weeks follow-up and based the estimates of responsiveness of the change in utility scores among patients who improved. In the current study, the severity of symptoms among patients with schizophrenia and patients with depression as assessed by the PANSS and the PHQ-8 are only available at baseline.
Hence, we are unable to classify whether patients were stable over the two-week period during the test re-test assessment and at 6-month follow-up based on severity scales. Lastly, the EQ-5D-5L, HUI3 and SF-6D utility scores were derived from other populations which may not be appropriate because health preferences may vary between countries and cultures (Abdin et al., 2015) . These limitations notwithstanding, to our knowledge, this is the first study in a multi-ethnic Asian population directly compares the reliability, validity, and magnitude of change in the four utility scores (EQ-5D-5L, EQ-5D-3L, HUI3, SF-6D) in patients with schizophrenia and patients with depression. The current study provides important evidence regarding the performance of GPBMs as head-to-head comparisons between GBPMs have been lacking and the findings on comparative study on GBPMs reported by the reviews were often weak (Finch et al., 2018) .
Conclusions
In summary, the current study provides important evidence to clinicians and researchers about the best choice of generic preference-based measures that can be used to assess health- 
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